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&/6&HOO/LQHV6HUYLFH(SSHOKHLP*HUPDQ\ZHUHFXOWXUHGLQDKXPLGLILHG&2 ? ? ?
LQFXEDWRUXVLQJFRPSOHWHPHGLDWKDWFRQWDLQHG530,VXSSOHPHQWHGZLWKSHQLFLOOLQVWUHSWRP\FLQ ? ? ?
YROYRODQG)%6YROYRO0HGLDZDVUHSODFHGHYHU\WZRWRWKUHHGD\V$WVXEFRQIOXHQF\FHOOVZHUH ? ? ?
KDUYHVWHGE\LQFXEDWLRQZLWKWU\SVLQ*LEFRDQGVXEVHTXHQWO\SHOOHWHGE\FHQWULIXJDWLRQ7KH ? ? ?
VXSHUQDWDQWZDVWKHQGLVFDUGHGDQGWKHSHOOHWUHVXVSHQGHGLQVWHULOH3%69LDEOHFHOOVZHUHFRXQWHGLQD ? ? ?
KHPRF\WRPHWHUE\WU\SDQEOXHVWDLQLQJDQGOLJKWPLFURVFRS\0LFHLQ&JURXSVZHUHJHQWO\UHVWUDLQHGDQG ? ? ?
LQMHFWHGVFLQWKHXSSHUEDFNZLWKDFHOOVXVSHQVLRQFRQWDLQLQJ[FHOOV0LFHDVVLJQHGWRZHLJKWVWDEOH ? ? ?
FRQWUROZHUHLQMHFWHGZLWKDQHTXLYDOHQWYROXPHRIVWHULOH3%6 ? ? ?
 ? ? ?
  ? ? ?
 ?

Tissue collection and processing  ? ? ?
0LFHZHUHHXWKDQL]HGE\NHWDPLQH[\OD]LQHRYHUGRVHGHOLYHUHGLSPJNJ(XWKDQDVLDZDV ? ? ?
SHUIRUPHGGXULQJDIRXUKRXUWLPHZLQGRZIURPDPWRSPWRHQVXUHFRQVLVWHQF\LQWKHWLPLQJRI ? ? ?
WLVVXHFROOHFWLRQ0LFHZHUHQRWIRRGGHSULYHGRYHUQLJKWRULPPHGLDWHO\SULRUWRWLVVXHFROOHFWLRQ+LQGOLPE ? ? ?
VNHOHWDOPXVFOHVYLWDORUJDQVDQGHSLGLG\PDOZKLWHDGLSRVHWLVVXH:$7ZHUHFDUHIXOO\LVRODWHGDQG ? ? ?
UHPRYHG7KHOHIWPHGLDOJDVWURFQHPLXVOHIWHSLGLG\PDO:$7DQGOHIWODWHUDOOREHRIWKHOLYHUZHUH ? ? ?
LPPHGLDWHO\SODFHGLQWRLFHFROGSUHVHUYDWLRQEXIIHU%,236P0&D.(*7$P0.(*7$ ? ? ?
P01D$73P00J&O ?+2P07DXULQHP01D3&UP0,PLGD]ROHP0'77P0 ? ? ?
0(6K\GUDWHDQGVWRUHGRQLFHLQSUHSDUDWLRQIRUin situDQDO\VLVRIPLWRFKRQGULDOUHVSLUDWLRQ7KH ? ? ?
JDVWURFQHPLXVZDVVHOHFWHGEHFDXVHLWLVDPDMRUORFRPRWRUPXVFOHWKDWDWURSKLHVLQWKLVPRGHODQGKDV ? ? ?
EHHQSUHYLRXVO\XVHGWRLQYHVWLJDWHPLWRFKRQGULDOUHVSLUDWLRQLQPRXVHVWXGLHVRIPHWDEROLFG\VIXQFWLRQ ? ? ?
(SLGLG\PDO:$7ZDVVHOHFWHGGXHWRLWVDQWLFLSDWHGUHPRGHOLQJDQGUHODWLYHDEXQGDQFHZKLFKHQVXUHG ? ? ?
DGHTXDWHWLVVXHDYDLODELOLW\IRUWKHUHVSLURPHWULFDVVD\:$7ZDVQRWGHWHFWDEOHLQVHYHUHFDFKH[LDDQGZDV ? ? ?
WKHUHIRUHQRWDQDO\]HGLQWKH&6(9JURXS7KHOHIWODWHUDOOREHRIWKHOLYHUZDVFKRVHQLQDFFRUGDQFHZLWK ? ? ?
+HLPHWDO7KHULJKWKLQGOLPEPXVFOHVZHUHPRXQWHGFURVVVHFWLRQDOO\LQWUDJDFDQWKJXPRQFRUNDQG ? ? ?
IUR]HQLQLVRSHQWDQHFRROHGE\OLTXLGQLWURJHQIRUKLVWRORJLFDODQDO\VLV5HPDLQLQJWLVVXHVZHUHVQDSIUR]HQ ? ? ?
DQGVWRUHGDW& ? ? ?
7RSUHSDUH:$7IRUUHVSLURPHWU\DSRUWLRQRIWLVVXHZDVJHQWO\EORWWHGGU\DQGWZRVDPSOHVZHUH ? ? ?
SUHSDUHGWKDWZHLJKHGaPJ6DPSOHVZHUHVHFWLRQHGLQWRSLHFHVSULRUWRSODFHPHQWLQWRWKHWZR ? ? ?
UHVSLURPHWHUFKDPEHUV&KHPLFDOSHUPHDELOL]DWLRQRI:$7E\DGGLWLRQRIGLJLWRQLQLQWRWKHFKDPEHUVZDVQRW ? ? ?
SHUIRUPHGEDVHGRQSUHOLPLQDU\WHVWVDQGUHSRUWVE\RWKHUVLQZKLFKQRHIIHFWRQUHVSLUDWRU\FDSDFLW\ZDV ? ? ?
REVHUYHG3UHSDUDWLRQRIWKHOLYHUIRUUHVSLURPHWU\ZDVDGDSWHGIURPSUHYLRXVZRUN%ULHIO\DSDLURI ? ? ?
VPDOOVHFWLRQVIURPWKHOHIWODWHUDOOREHaPJHDFKZHUHSODFHGLQDSHWULGLVKZLWKLFHFROG%,236DQG ? ? ?
VXEMHFWHGWRJHQWOHPHFKDQLFDOVHSDUDWLRQZLWKIRUFHSVXQGHUDGLVVHFWLQJPLFURVFRSH'XSOLFDWHOLYHU ? ? ?
VDPSOHVZHUHEORWWHGGU\RQILOWHUSDSHUZHLJKHGDQGSODFHGLQWRWKHUHVSLURPHWHUFKDPEHUV7RSUHSDUH ? ? ?
VNHOHWDOPXVFOHIRUUHVSLURPHWU\WKHJDVWURFQHPLXVZDVSODFHGLQDSHWULGLVKFRQWDLQLQJLFHFROG%,236DQG ? ? ?
PHFKDQLFDOO\VHSDUDWHGZLWKVKDUSIRUFHSVLQWRGXSOLFDWHILEHUEXQGOHVaPJHDFKXQGHUDGLVVHFWLQJ ? ? ?
PLFURVFRSH)LEHUEXQGOHVZHUHWKHQSHUPHDELOL]HGE\SODFLQJWKHPLQWRVHSDUDWHZHOOVRIDZHOO ? ? ?
 ?

SODWHILOOHGZLWK%,236FRQWDLQLQJVDSRQLQJ ?PODQGLQFXEDWHGZLWKJHQWOHVKDNLQJRQLFHIRUPLQXWHV ? ? ?
)ROORZLQJVDSRQLQWUHDWPHQWILEHUEXQGOHVZHUHZDVKHGLQUHVSLUDWLRQPHGLXP0L5RQLFHZLWKJHQWOH ? ? ?
VKDNLQJIRUPLQ0L5P0(*7$P00J&OP0.ODFWRELRQDWHP0WDXULQHP0 ? ? ?
.+32P0+(3(6P06XFURVHDQGJO%6$S+$IWHUZDVKLQJWKHILEHUEXQGOHVZHUH ? ? ?
JHQWO\EORWWHGGU\RQILOWHUSDSHUDQGZHLJKHGEHIRUHEHLQJSODFHGLQWRWKHUHVSLURPHWHUFKDPEHUV ? ? ?
 ? ? ?
High-resolution respirometry  ? ? ?
In situUHVSLUDWLRQZDVPHDVXUHGLQWKHSUHGHWHUPLQHGRUGHURI:$7OLYHUDQGVNHOHWDOPXVFOH7KLV ? ? ?
VHTXHQFHZDVEDVHGRQUHSRUWHGVWDELOLW\RIPLWRFKRQGULDOSHUIRUPDQFHIROORZLQJVWRUDJHLQ%,236ZLWK ? ? ?
VNHOHWDOPXVFOHVKRZLQJWKHJUHDWHVWUHWHQWLRQRIUHVSLUDWRU\IXQFWLRQZKHUHDV:$7VKRZVDPRUHUDSLG ? ? ?
GHFOLQH2[\JHQIOX[SHUWLVVXHPDVVSPROāVāPJZDVUHFRUGHGLQUHDOWLPHDW&LQWKHR[\JHQ ? ? ?
FRQFHQWUDWLRQUDQJHRIQPROPOXVLQJKLJKUHVROXWLRQUHVSLURPHWU\2[\JUDSKN2URERURV ? ? ?
,QVWUXPHQWV,QQVEUXFN$7DQG'DWODEVRIWZDUH2URERURV,QVWUXPHQWV,QQVEUXFN$7,Q:$7DQGOLYHU ? ? ?
UHVSLUDWLRQZDVDVVHVVHGE\DVXEVWUDWHXQFRXSOHULQKLELWRUWLWUDWLRQ68,7SURWRFRODGDSWHGIURP3RUWHUHWDO ? ? ?
FRQWDLQLQJWKHIROORZLQJVHTXHQWLDOLQMHFWLRQVP0PDODWH0SDOPLWR\OFDUQLWLQHP0 ? ? ?
S\UXYDWHDQGP0JOXWDPDWHWRGHWHUPLQHQRQSKRVSKRU\ODWLQJ/($.UHVSLUDWLRQVXSSRUWHGE\FRPSOH[, ? ? ?
OLQNHGVXEVWUDWHVZLWKIDWW\DFLGV&,LP0$'3WRDFKLHYHPD[LPDOSKRVSKRU\ODWLQJUHVSLUDWLRQIURP ? ? ?
HOHFWURQLQSXWWKURXJKFRPSOH[,&,PP0VXFFLQDWHWRVDWXUDWHFRPSOH[,,DQGDFKLHYHPD[LPDO ? ? ?
FRQYHUJHQWHOHFWURQIOX[WKURXJKFRPSOH[,DQG,,&,,,P0F\WRFKURPHFWRDVVHVVWKHLQWHJULW\RIWKH ? ? ?
RXWHUPLWRFKRQGULDOPHPEUDQHDQGKHQFHTXDOLW\RIVDPSOHSUHSDUDWLRQVDPSOHVZHUHUHMHFWHGZKHQIOX[ ? ? ?
LQFUHDVHGE\!0FDUERQ\OF\DQLGHPFKRORURSKHQ\OK\GUD]RQH&&&3WRDVVHVVFRPSOH[, ? ? ?
DQG,,OLQNHG(76FDSDFLW\LHPD[LPDOFDSDFLW\RIWKHHOHFWURQWUDQVIHUV\VWHP&,,,E0URWHQRQHWR ? ? ?
LQKLELWFRPSOH[,&,,EDQG0$QWLP\FLQ$WRLQKLELWFRPSOH[,,,DQGREWDLQUHVLGXDOR[\JHQ ? ? ?
FRQVXPSWLRQ:HQRWHWKDWLQRXUHYDOXDWLRQRI2;3+26VXSSRUWHGE\FRPSOH[,DQG,,OLQNHGVXEVWUDWHVLH ? ? ?
&,P&,,,PDIDWW\DFLGZDVLQFOXGHGLQWKHSURWRFROWKHUHIRUHHOHFWURQVDUHDOVRVXSSOLHGLQWRWKHUHVSLUDWRU\ ? ? ?
FKDLQYLDHOHFWURQWUDQVIHUULQJIODYRSURWHLQ ? ? ?
)RUPLWRFKRQGULDOUHVSLUDWLRQLQVNHOHWDOPXVFOHDVLPLODU68,7SURWRFROZDVIROORZHGZLWKVOLJKW ? ? ?
PRGLILFDWLRQVWRWKHVHTXHQFHRILQMHFWLRQVLQRUGHUWRGHWHUPLQHIDWW\DFLGEDVHGUHVSLUDWLRQP0 ? ? ?
 ?

PDODWHDQG0SDOPLWR\OFDUQLWLQHWRGHWHUPLQH/($.UHVSLUDWLRQVXSSRUWHGE\IDWW\DFLGV)$2LP0 ? ? ?
$'3WRGHWHUPLQHIDWW\DFLG2;3+26FDSDFLW\)$2PDQGP0S\UXYDWHDQGP0JOXWDPDWHWR ? ? ?
HYDOXDWHFRPSOH[,VXSSRUWHG2;3+26FDSDFLW\ZLWKIDWW\DFLGV&,P6XEVHTXHQWDVVHVVPHQWRI&,,,P ? ? ?
RXWHUPHPEUDQHLQWHJULW\&,,,E&,,EDQGUHVLGXDOR[\JHQFRQVXPSWLRQZHUHLGHQWLFDOWRVWHSVRIWKH ? ? ?
SURWRFROXVHGIRU:$7DQGOLYHU ? ? ?
 ? ? ?
Data reduction and analysis  ? ? ?
2[\JHQIOX[HVRIWKHGLIIHUHQWUHVSLUDWRU\VWDWHVZHUHFRUUHFWHGE\VXEWUDFWLQJUHVLGXDOR[\JHQ ? ? ?
FRQVXPSWLRQIROORZLQJDQWLP\FLQ$WUHDWPHQW)OX[HVIURPHDFKGXSOLFDWHPHDVXUHPHQWZHUHDYHUDJHGIRU ? ? ?
VWDWLVWLFDODQDO\VLV7RGHWHUPLQHIOX[FRQWUROUDWLRVZKLFKH[SUHVVUHVSLUDWRU\FRQWUROLQGHSHQGHQWRI ? ? ?
PLWRFKRQGULDOYROXPHGHQVLW\WLVVXHPDVVVSHFLILFR[\JHQIOX[HVIURPWKH68,7SURWRFROZHUHGLYLGHGE\ ? ? ?
PD[LPDOHOHFWURQWUDQVIHUV\VWHPFDSDFLW\&,,,EDVWKHUHIHUHQFHVWDWH%HFDXVH&,,,ELVDQLQWULQVLF ? ? ?
LQGLFDWRURIPLWRFKRQGULDOIXQFWLRQWKDWUHSUHVHQWVWKHPD[LPDOFDSDFLW\RIWKHHOHFWURQWUDQVIHUV\VWHPLWFDQ ? ? ?
EHXVHGWRQRUPDOL]HWKHRWKHUUHVSLUDWRU\VWDWHV7KHUHVSLUDWRU\FRQWUROUDWLR5&5DQLQGH[RI ? ? ?
FRXSOLQJHIILFLHQF\RIWKH2;3+26V\VWHPZDVFDOFXODWHGIRU:$7DQGOLYHULQWKHFRPSOH[,OLQNHGVXEVWUDWH ? ? ?
VWDWHIURPWKHUDWLRRI&,PWR&,L (P/L)7KHLQYHUVH5&5LQWKHFRPSOH[,VXSSRUWHGVWDWHL/PZDVDOVR ? ? ?
FDOFXODWHG7RGHWHUPLQHWKHIUDFWLRQRIPD[LPDO2;3+26FDSDFLW\VHUYLQJ/($.UHVSLUDWLRQWKHR[\JHQIOX[ ? ? ?
PHDVXUHGZLWKFRPSOH[,VXEVWUDWHVEXWQRWDGHQ\ODWHV&,LZDVGLYLGHGE\&,,,P7KHVXEVWUDWH ? ? ?
FRQWUROUDWLR6&5ZKLFKHYDOXDWHVWKHFKDQJHLQR[\JHQIOX[E\DGGLWLRQRIVXEVWUDWHZLWKLQDGHILQHG ? ? ?
FRXSOLQJVWDWHZDVFDOFXODWHGIRUVXFFLQDWH6&5VXFFLQDWHDV&,,,P&,P ? ? ?
 ? ? ?
Total homogenate and subcellular fractionation  ? ? ?
7LVVXHKRPRJHQDWHVNHOHWDOPXVFOH:$7DQGOLYHUZDVSUHSDUHGXVLQJD3RWWHU(OYHKMHP ? ? ?
KRPRJHQL]HUFRQWDLQLQJP/RILFHFROGPLWRFKRQGULDOLVRODWLRQEXIIHUP0PDQQLWROP0VXFURVH ? ? ?
%6$P0+(3(6P0(*7$DQGS+DGMXVWHGWRZLWK.2+DVSUHYLRXVO\GHVFULEHG ? ? ?
ORIWLVVXHKRPRJHQDWHZDVIUR]HQLPPHGLDWHO\LQ&IRUELRFKHPLFDODVVD\V7RLVRODWHWKH ? ? ?
PLWRFKRQGULDWKHUHPDLQLQJWLVVXHKRPRJHQDWHZDVFHQWULIXJHGDWJIRUPLQDW&WRREWDLQQXFOHDU ? ? ?
SHOOHWV7KHVXSHUQDWDQWZDVIXUWKHUFHQWULIXJHGDWJIRUPLQDW&WRREWDLQPLWRFKRQGULDOSHOOHWV ? ? ?
 ?

7KHILQDOPLWRFKRQGULDOSHOOHWZDVUHVXVSHQGHGLQOLVRODWLRQEXIIHU7KHSURWHLQFRQFHQWUDWLRQRIWRWDO ? ? ?
KRPRJHQDWHDQGPLWRFKRQGULDOIUDFWLRQZDVPHDVXUHGXVLQJWKH%&$SURWHLQDVVD\NLW ? ? ?
 ? ? ?
H2O2 production  ? ? ?
/LYHUDQGVNHOHWDOPXVFOHPLWRFKRQGULDO+2SURGXFWLRQZHUHPHDVXUHGXVLQJȝ0$PSOH[5HG ? ? ?
&DW%LR9LVLRQDQG8POhorseradish peroxidase+53UHDJHQWVDW&DVGHVFULEHG ? ? ?
SUHYLRXVO\7KHIRUPDWLRQRIIOXRUHVFHQWUHVRUXILQIURP$PSOH[UHGZDVPHDVXUHGDIWHUDPLQSHULRGDW ? ? ?
QPH[FLWDWLRQDQGQPHPLVVLRQILOWHUVXVLQJD%LRWHN6\QHUJ\+7;VSHFWURIOXRURPHWHU:LQRRVNL ? ? ?
97 ? ? ?
 ? ? ?
Citrate synthase activity  ? ? ?
&LWUDWHV\QWKDVH&6ZDVDQDO\]HGDVDVXUURJDWHIRUPLWRFKRQGULDOYROXPHGHQVLW\LQKRPRJHQL]HG ? ? ?
OLYHUDQGJDVWURFQHPLXVWLVVXHV&6DFWLYLW\ZDVQRWDVVD\HGLQ:$7GXHWROLPLWHGWLVVXHDYDLODELOLW\&6 ? ? ?
DFWLYLW\ZDVGHWHUPLQHGXVLQJDFRPPHUFLDOO\DYDLODEOHNLWDFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV ? ? ?
0LWR&KHFN&LWUDWH6\QWKDVH$FWLYLW\$VVD\.LW&D\PDQ&KHPLFDO$EVRUEDQFHZDVPHDVXUHG ? ? ?
VSHFWURSKRWRPHWULFDOO\LQVHFRQGLQWHUYDOVIRUPLQXWHVDWQP6DPSOHVZHUHDQDO\]HGLQGXSOLFDWH ? ? ?
DWDWLVVXHFRQFHQWUDWLRQRIPJPO&6DFWLYLW\ZDVH[SUHVVHGDVQ0PLQJSURWHLQ ? ? ?
 ? ? ?
Cardiolipin content  ? ? ?
7KHIOXRUHVFHQWG\H11RQ\O$FULGLQH2UDQJH&DW$6LJPDZDVXVHGWRPHDVXUH ? ? ?
PLWRFKRQGULDOFDUGLROLSLQFRQWHQW%ULHIO\JRIOLYHUPLWRFKRQGULDDQGZKLWHDGLSRF\WHWRWDOSURWHLQ ? ? ?
KRPRJHQDWHZDVLQFXEDWHGZLWK0RI1$2UHDJHQWLQPLWRFKRQGULDOLVRODWLRQEXIIHUDW&IRUPLQLQ ? ? ?
WKHGDUN$IWHULQFXEDWLRQWKHUHGIOXRUHVFHQFHRI1$2ERXQGWRFDUGLROLSLQZDVPHDVXUHGDWZDYHOHQJWKVRI ? ? ?
QPH[FLWDWLRQDQGQPHPLVVLRQZLWKD%LRWHNVSHFWURIOXRURPHWHU ? ? ?
 ? ? ?
Myofiber cross-sectional area  ? ? ?
3URFHGXUHVIRUGHWHUPLQLQJP\RILEHUFURVVVHFWLRQDODUHD&6$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VXJJHVWLQJWKDWGHSUHVVLRQLQOLYHU ? ? ?
PLWRFKRQGULDOIXQFWLRQPD\EHOLQNHGWRFDFKH[LDUHODWHGZHLJKWORVVDQGILEHUDWURSK\/LYHU5&5U  ? ? ?
ZDVSRVLWLYHO\DVVRFLDWHGZLWKZHLJKWFKDQJH7KXV/($.UDWLRVL/PU DQG&,L&,,,EU ZHUH ? ? ?
LQYHUVHO\UHODWHGWRZHLJKWFKDQJH)LJV6GIGRLRUJPILJVKDUHY7KLVVXJJHVWVWKDW ? ? ?
OLYHUPLWRFKRQGULDZLWKWLJKWHUFRXSOLQJDSSHDUHGPRUHRIWHQLQZHLJKWVWDEOHPLFHZKHUHDVXQFRXSOLQJ ? ? ?
W\SLFDOO\DSSHDUHGZLWKZHLJKWORVV ? ? ?
 ? ? ?
Decreased ROS, increased cardiolipin, and greater Ant2 expression in cachectic liver mitochondria  ? ? ?
7RLGHQWLI\HYHQWVDVVRFLDWHGZLWKXQFRXSOLQJRI2;3+26DQGHOHYDWHG/($.ZHPHDVXUHG+2 ? ? ?
SURGXFWLRQDQGFDUGLROLSLQFRQWHQWE\DPSOH[UHGDQG1$2IOXRUHVFHQFHUHVSHFWLYHO\LQWKHPLWRFKRQGULDO ? ? ?
IUDFWLRQRIWKHOLYHU+2LVDQLQGLFDWRURIPLWRFKRQGULDO526HPLVVLRQDQGXQFRXSOLQJPD\RFFXUDVD ? ? ?
SURWHFWLYHUHVSRQVHDJDLQVWKLJKOHYHOVRI526+2GHFOLQHGLQDVHYHULW\GHSHQGHQWPDQQHUFRPSDUHGWR ? ? ?
3%6:6)LJI7KLVJUDGXDOGHFOLQHLQ526HPLVVLRQSDUDOOHOHGWKHGHFUHDVHLQUHVSLUDWRU\FDSDFLW\DQG ? ? ?
PD\UHSUHVHQWSDUWRIDEURDGFDFKH[LDDVVRFLDWHGORVVRIOLYHUPLWRFKRQGULDOIXQFWLRQ&DUGLROLSLQD ? ? ?
SKRVSKROLSLGRIWKHPLWRFKRQGULDOLQQHUPHPEUDQHWKDWUHJXODWHV2;3+26IXQFWLRQZDVaJUHDWHULQ& ? ? ?
02'DQG&6(9FRPSDUHGWR&:6)LJJ7KHJUHDWHUFDUGLROLSLQFRQWHQWLQERWKJURXSVRI ? ? ?
FDFKHFWLFPLFHPD\VXSSRUWDQLQYROYHPHQWRIWKLVPLWRFKRQGULDOSKRVSKROLSLGLQWKHXQFRXSOLQJRIOLYHU ? ? ?
2;3+26LQFDQFHUFDFKH[LD:HQH[WSUREHGIRU8FSDQG$QWH[SUHVVLRQLQOLYHUPLWRFKRQGULDE\ ? ? ?
LPPXQREORWWLQJWRGHWHUPLQHZKHWKHUSURWHLQVZLWKUHSRUWHGXQFRXSOLQJSURSHUWLHVPD\EHDVVRFLDWHGZLWKWKH ? ? ?
LQFUHDVHG/($.UHVSLUDWLRQDQGXQFRXSOLQJRI2;3+26)LJD8FSSURWHLQH[SUHVVLRQZDVQRW ? ? ?
VLJQLILFDQWO\GLIIHUHQWEHWZHHQJURXSVS!)LJDF+RZHYHU$QWSURWHLQH[SUHVVLRQZDVVLJQLILFDQWO\ ? ? ?
JUHDWHULQ&6(9FRPSDUHGWR3%6:6&:6DQG&02'E\DQGUHVSHFWLYHO\ ? ? ?
)LJDG7KHUHZDVDVLJQLILFDQWLQYHUVHUHODWLRQVKLSEHWZHHQ$QWH[SUHVVLRQDQG5&5LQWKHOLYHUU  ? ? ?
LPSO\LQJKLJKHUOLYHU$QWFRQWHQWWREHDVVRFLDWHGZLWKXQFRXSOLQJRI2;3+26)LJI ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ?

'LVFXVVLRQ ? ? ?
:HUHSRUWWLVVXHVSHFLILFDOWHUDWLRQVLQPLWRFKRQGULDOIXQFWLRQGXULQJFRORQWXPRULQGXFHGFDFKH[LD ? ? ?
7KHSURJUHVVLRQDQGFKDUDFWHULVWLFVRIPLWRFKRQGULDOIXQFWLRQDGDSWDWLRQVGLIIHUHGDPRQJVNHOHWDOPXVFOHOLYHU ? ? ?
DQG:$7EXWWKHUHZHUHQRGLIIHUHQFHVLQ&6DFWLYLW\FRQVLVWHQWZLWKLPSDLUHGUHVSLUDWRU\FRQWUROWKDWZDV ? ? ?
LQGHSHQGHQWRIFKDQJHVLQWLVVXHPLWRFKRQGULDOYROXPHGHQVLW\,QOLYHU(76DQG2;3+26FDSDFLW\DQG5&5 ? ? ?
GHFUHDVHGLQWXPRUEHDULQJPLFHHYHQEHIRUHZHLJKWORVVZDVREVHUYHG:HLJKWORVVDQGPXVFOHDWURSK\ ? ? ?
ZDVOLQHDUO\FRUUHODWHGZLWKWKHVHHIIHFWV7KHLPSDLUPHQWRIOLYHUPLWRFKRQGULDOUHVSLUDWLRQZDVDVVRFLDWHGZLWK ? ? ?
LQFUHDVHGFDUGLROLSLQDQG$QWEXWQRW8FSH[SUHVVLRQ7KHVHGDWDVXJJHVWUROHVIRU$QWDQGFDUGLROLSLQLQ ? ? ?
XQFRXSOLQJRIOLYHU2;3+26,Q:$7WKHILUVWHIIHFWVRQPLWRFKRQGULDOUHVSLUDWLRQZHUHREVHUYHGLQPLFHZLWK ? ? ?
PRGHUDWHFDFKH[LD7KHLQGXFWLRQRIPRGHUDWHFDFKH[LDZDVDVVRFLDWHGZLWKDQLQFUHDVHLQ(76DQG ? ? ?
2;3+26FDSDFLWLHVDQLQFUHDVHLQQRQSKRVSKRU\ODWLQJ/($.UHVSLUDWLRQDQGDGHFUHDVHLQ5&5FRQVLVWHQW ? ? ?
ZLWKWKHXQFRXSOLQJRIUHVSLUDWLRQIURP$73V\QWKHVLV:HLJKWORVVDQGPXVFOHDWURSK\ZHUHOLQHDUO\ ? ? ?
FRUUHODWHGZLWKWKHVHHIIHFWV,QVNHOHWDOPXVFOH(76DQG2;3+26FDSDFLW\ZHUHUHGXFHGLQVHYHUH ? ? ?
FDFKH[LD$GDSWDWLRQLQPLWRFKRQGULDOUHVSLUDWRU\FRQWUROLQVNHOHWDOPXVFOHUHVLGHGDWFRPSOH[,2YHUDOO ? ? ?
PLWRFKRQGULDOUHVSLUDWRU\YDULDEOHVLQOLYHU:$7DQGVNHOHWDOPXVFOHDFFRXQWHGIRUDVLJQLILFDQWSURSRUWLRQRI ? ? ?
WKHYDULDQFHLQERG\ZHLJKWFKDQJHDQGP\RILEHUVL]H)LJV6667KHVHILQGLQJVVXJJHVWWKDW ? ? ?
PLWRFKRQGULDOIXQFWLRQLVVXEMHFWWRWLVVXHVSHFLILFFRQWUROGXULQJFDQFHUFDFKH[LDZKHUHE\HDUO\DOWHUDWLRQV ? ? ?
DULVHLQOLYHUDQG:$7IROORZHGE\ODWHULPSDLUPHQWRIVNHOHWDOPXVFOHUHVSLUDWLRQ)LJ ? ? ?
6NHOHWDOPXVFOHLVWKHPRVWZLGHO\VWXGLHGRUJDQLQFDQFHUFDFKH[LD6HYHUDOSUHFOLQLFDOLQYHVWLJDWLRQV ? ? ?
H[DPLQHGin situPLWRFKRQGULDOUHVSLUDWLRQLQVNHOHWDOPXVFOHXVLQJDFURVVVHFWLRQDOGHVLJQFRPSDULQJFRQWUROV ? ? ?
DQGWXPRUEHDULQJURGHQWVZLWKPDUNHGFDFKH[LD,PSDLUHGFRPSOH[,DQGFRPSOH[,,2;3+26ZHUHUHSRUWHG ? ? ?
FRQVLVWHQWZLWKDORVVRIPLWRFKRQGULDOUHVSLUDWRU\FDSDFLW\DQGDOWHUHGUHVSLUDWRU\FRQWUROLQVHYHUHO\ ? ? ?
FDFKHFWLFVNHOHWDOPXVFOH:HH[SDQGXSRQWKHVHILQGLQJVE\HYDOXDWLQJin situUHVSLUDWLRQDFURVVDUDQJHRI ? ? ?
FRXSOLQJVWDWHVDQGVXEVWUDWHFRQGLWLRQVLQWLVVXHREWDLQHGIURPWXPRUEHDULQJPLFHZLWKYDU\LQJGHJUHHVRI ? ? ?
FDFKH[LDVHYHULW\,QVNHOHWDOPXVFOHUHGXFWLRQLQPDVVVSHFLILFFRPSOH[,DQGFRPSOH[,,,2;3+26DQG ? ? ?
(76FDSDFLWLHVRQO\RFFXUUHGLQVHYHUHFDFKH[LDVXJJHVWLQJWKDWDOWHUHGVNHOHWDOPXVFOHPLWRFKRQGULDO ? ? ?
UHVSLUDWLRQLVQRWDQHDUO\HYHQWLQFDQFHUFDFKH[LD/RVVRIPXVFOHPDVVDQGILEHU&6$ZHUHHYLGHQWLQPLFH ? ? ?
ZLWKPRGHUDWHFDFKH[LDGHVSLWHQRVLJQLILFDQWLPSDLUPHQWRIFRPSOH[,DQG,,OLQNHGUHVSLUDWLRQFRPSDUHGZLWK ? ? ?
 ? ?

VDOLQHFRQWURO7KHH[FHSWLRQWRWKLVZDVWKDWIDWW\DFLGGULYHQUHVSLUDWRU\FDSDFLW\LH)$2L)$2PZDV ? ? ?
UHGXFHGLQPRGHUDWHFDFKH[LDDQGUHPDLQHGVXSSUHVVHGLQWKHVHYHUHVWDWH ? ? ?
6LQFHWKHVHSDUDPHWHUVUHSUHVHQWWLVVXHPDVVVSHFLILFIOX[HVDQGGRQRWDFFRXQWIRUFKDQJHVLQ ? ? ?
PLWRFKRQGULDOYROXPHGHQVLW\ZHDOVRFDOFXODWHGIOX[FRQWUROUDWLRVE\QRUPDOL]DWLRQWRPD[LPDO(76FDSDFLW\ ? ? ?
WRSURYLGHLQGLFHVRIPLWRFKRQGULDOTXDOLW\WKDWDUHLQGHSHQGHQWRIPLWRFKRQGULDOGHQVLW\7KHIOX[FRQWUROUDWLR ? ? ?
IRUFRPSOH[,2;3+26LQVNHOHWDOPXVFOHZDVLPSDLUHGRQO\LQVHYHUHFDFKH[LDFRQVLVWHQWZLWKWKHQRWLRQWKDW ? ? ?
PXVFOHPLWRFKRQGULDOG\VIXQFWLRQRFFXUUHGRQO\LQODWHVWDJHFDFKH[LD7KHVXEVWUDWHFRQWUROUDWLRIRU ? ? ?
VXFFLQDWHZDVaIROGJUHDWHULQVHYHUHFDFKH[LDDQDSSDUHQWFRPSHQVDWLRQIRUFRPSOH[,G\VIXQFWLRQWR ? ? ?
VWLPXODWH2;3+26YLDFRPSOH[,,,PSDLUPHQWLQ2;3+26FDSDFLW\FRXOGFRQWULEXWHWRHQHUJHWLFVWUHVVLQ ? ? ?
VNHOHWDOPXVFOHRIFDFKHFWLFPLFH:HIRXQGWKDWSKRVSKRU\ODWLRQRI$03.ZDVLQFUHDVHGHDUO\LQZHLJKW ? ? ?
VWDEOH&PLFHDQGUHPDLQHGHOHYDWHGLQPRGHUDWHFDFKH[LD7KLVLPSOLHVWKDWHQHUJHWLFVWUHVVSUHFHGHV ? ? ?
SURWHLQGHJUDGDWLRQDQGPXVFOHDWURSK\7KHaIROGLQFUHDVHLQPLWRFKRQGULDOFUHDWLQHNLQDVH&.07 ? ? ?
H[SUHVVLRQLQPRGHUDWHFDFKH[LDLVFRQVLVWHQWZLWKWKLVLPSOLFDWLRQWKLVFRXOGUHSUHVHQWDFRPSHQVDWRU\ ? ? ?
DGDSWDWLRQWRSURWHFWR[LGDWLYHHQHUJ\SURYLVLRQLQVNHOHWDOPXVFOH$VLPLODUH[SUHVVLRQSDWWHUQZDVVHHQ ? ? ?
IRU$QWDQ$'3WUDQVSRUWSURWHLQVXJJHVWLQJWKDW$QWPD\DOVREHLQYROYHGLQWKLVFRPSHQVDWLRQ,Q ? ? ?
DGGLWLRQWRLPSDLUHG2;3+26G\VIXQFWLRQDOPLWRFKRQGULDPD\JHQHUDWHKLJKOHYHOVRI526WKDWLQWXUQDIIHFWV ? ? ?
SURWHLQWXUQRYHUDQGFDXVHVDWURSK\:HGLGQRWREVHUYHLQFUHDVHG+2LQWKHPLWRFKRQGULDOIUDFWLRQRI ? ? ?
VNHOHWDOPXVFOHDVDQWLFLSDWHG+2SURGXFWLRQDFWXDOO\GHFOLQHGLQPRGHUDWHDQGVHYHUHFDFKH[LDSHUKDSV ? ? ?
FRQVHTXHQWWRUHGXFHG(76FDSDFLW\LQWKHVHFRQGLWLRQVDQGGRHVQRWDSSHDUDVVRFLDWHGZLWKPXVFOHDWURSK\ ? ? ?
LQWKLVPRGHO ? ? ?
7KHHOHYDWHGUDWHVRIPLWRFKRQGULDOUHVSLUDWLRQLQ:$7ZHUHQRWVXUSULVLQJ$UHFHQWUHSRUWIRXQG ? ? ?
LQFUHDVHGROLJRP\FLQDQG)&&3LQGXFHGUHVSLUDWLRQLQZKLWHDGLSRF\WHVWUHDWHGZLWKSDUDWK\URLGKRUPRQH ? ? ?
UHODWHGSURWHLQDWXPRUGHULYHGSURGXFWWKDWLQGXFHVEHLJLQJ2WKHUVIRXQGLQFUHDVHGUHVSLUDWRU\FDSDFLW\ ? ? ?
RIEHLJHOLNH:$7LQFDFKHFWLFPLFHXVLQJJO\FHUROSKRVSKDWHDVDVXEVWUDWH2XUGDWDH[WHQGVWKHVH ? ? ?
ILQGLQJVE\HYDOXDWLQJin situUHVSLUDWLRQRI:$7LQDEURDGHUVSHFWUXPRIFRXSOLQJDQGVXEVWUDWHVVWDWHV$ ? ? ?
XQLTXHILQGLQJZDVWKHLQFUHDVHLQFRXSOHGSKRVSKRU\ODWLQJUHVSLUDWLRQZLWKHOHFWURQLQSXWWKURXJKFRPSOH[, ? ? ?
DQGFRPSOH[,,,ZKLFKWRRXUNQRZOHGJHKDVQRWEHHQSUHYLRXVO\UHSRUWHG8SUHJXODWLRQRI7&$F\FOH ? ? ?
HOHFWURQWUDQVSRUWDQG2;3+26JHQHVLQ:$7RIFDQFHUSDWLHQWVZLWKFDFKH[LDKDVEHHQGRFXPHQWHGE\ ? ? ?
 ? ?

RWKHUVDQGRXUHOHYDWHG2;3+26DQG(76FDSDFLWLHVDUHFRQVLVWHQWZLWKWKDWJHQHSURILOH7KHLQFUHDVH ? ? ?
LQSKRVSKRU\ODWLQJUHVSLUDWLRQFRXOGEHDFRPSHQVDWRU\UHVSRQVHWRPLWRFKRQGULDOXQFRXSOLQJLQ:$7OHDGLQJ ? ? ?
WRLQFUHDVHGHQHUJ\H[SHQGLWXUH$OWHUQDWLYHO\LQFUHDVHG2;3+26DQG(76FDSDFLW\FRXOGEHUHODWHGWR ? ? ?
OLSRO\VLVDQGLQWUDFHOOXODUDFFXPXODWLRQRIIUHHIDWW\DFLGV7UHDWPHQWVWKDWLQKLELWFRXSOLQJDQG$73V\QWKHVLV ? ? ?
DUHEHOLHYHGWRVXSSUHVVOLSRJHQHVLVLQDGLSRVHWLVVXH)XUWKHULQVXOLQGHSHQGHQWVXSSUHVVLRQRI ? ? ?
OLSRO\VLVPD\GHSHQGRQ$73DYDLODELOLW\7KXVLQFUHDVHGSKRVSKRU\ODWLQJUHVSLUDWLRQFDSDFLW\PD\EH ? ? ?
DFRPSHQVDWRU\HIIRUWWRSURYLGHWKHHQHUJ\VXSSO\WRSURPRWHOLSRJHQHVLVDQGRUVXSSUHVVOLSRO\VLVLQRUGHU ? ? ?
WRPDLQWDLQDGLSRVHPDVVLQWKHIDFHRIWXPRULQGXFHGFDWDEROLVP ? ? ?
:KLOHFRXSOHGUHVSLUDWLRQRI:$7LQFUHDVHGLQHDUO\FDFKH[LDWKH/($.VWDWHLQFUHDVHGGUDPDWLFDOO\ ? ? ?
%\GLYLGLQJFRXSOHGDQG/($.UHVSLUDWLRQLQWKHVDPHFRPSOH[,OLQNHGVXEVWUDWHFRQGLWLRQVZHREWDLQHGWKH ? ? ?
UHVSLUDWRU\FRQWUROUDWLR5&5DQLQGH[RI2;3+26FRXSOLQJHIILFLHQF\%HFDXVH/($.H[SDQGHGWRDPXFK ? ? ?
ODUJHUGHJUHHUHODWLYHWRFRXSOHGUHVSLUDWLRQ:$75&5GHFUHDVHGLQHDUO\FDFKH[LDUHODWLYHWRZHLJKWVWDEOH ? ? ?
PLFH7KHSUHVHQFHRIHOHYDWHG/($.ZDVDFRQVLVWHQWILQGLQJLQWKLVVWXG\ZLWKJUHDWHU:$7/($.LQHDUO\ ? ? ?
FDFKH[LDHYHQZKHQQRUPDOL]HGWRPD[LPDO2;3+26DQG(76FDSDFLWLHV7KHVHILQGLQJVDUHVLJQLILFDQW ? ? ?
EHFDXVHWKH\LPSO\LQFUHDVHGUHVWLQJHQHUJ\H[SHQGLWXUH,QEXUQLQMXU\:$7XQGHUJRHVEURZQLQJDQGVKRZV ? ? ?
KLJK/($.UHVSLUDWLRQLQSDUDOOHOZLWKHOHYDWHGUHVWLQJHQHUJ\H[SHQGLWXUH5HSURJUDPPLQJRI:$7 ? ? ?
PHWDEROLVPLQWKLVPDQQHUFRXOGSRWHQWLDOO\FRQWULEXWHWRK\SHUPHWDEROLVPLQFDQFHUFDFKH[LD7KHUDSLHVWKDW ? ? ?
QRUPDOL]H:$7PLWRFKRQGULDOIXQFWLRQE\UHGXFLQJ/($.DQGSURPRWLQJWLJKWHU2;3+26FRXSOLQJPD\EH ? ? ?
EHQHILFLDO ? ? ?
'HVSLWHH[HUWLQJPDMRUFRQWURORYHUV\VWHPLFPHWDEROLVPPLWRFKRQGULDOIXQFWLRQLQOLYHULVQRWZHOO ? ? ?
VWXGLHGLQFDQFHUFDFKH[LD7KHUHIRUHZHPHDVXUHGin situUHVSLUDWLRQLQSHUPHDELOL]HGOLYHUVDPSOHV7KH ? ? ?
WKUHH&JURXSVDOOVKRZHGVLJQLILFDQWO\ORZHUR[\JHQIOX[FRPSDUHGWR3%6LQMHFWHGPLFHVXJJHVWLQJWKDW ? ? ?
WKHWXPRUZDVPDLQO\UHVSRQVLEOHIRULPSDLUPHQWRIKHSDWLFPLWRFKRQGULDOUHVSLUDWLRQSHUXQLWRIWLVVXHPDVV ? ? ?
5&5ZDVDOVRORZHULQDOOWKUHH&JURXSVDOWKRXJK&PLFHZLWKVHYHUHFDFKH[LDKDGWKHJUHDWHVWGHFOLQH ? ? ?
7KHVHGDWDVXJJHVWWKDWHDUO\ORVVRI2;3+26FRXSOLQJHIILFLHQF\LQWKHOLYHUDULVHVIURPWXPRUORDGDQG ? ? ?
VXEVHTXHQWO\ZRUVHQVDVFDFKH[LDVHYHULW\LQFUHDVHV&RQVLVWHQWZLWKWKLVWKHP/EUDWLRZDVJUHDWHVWLQPLFH ? ? ?
ZLWKVHYHUHFDFKH[LD$P/EUDWLRWKDWDSSURDFKHVDVZDVWKHFDVHLQWKHVHYHUHO\FDFKHFWLFPLFHLPSOLHV ? ? ?
 ? ?

WKHSUHVHQFHRIG\VFRXSOHGPLWRFKRQGULDLHSDWKRORJLFDOO\XQFRXSOHGWKDWZRXOGEHHQHUJHWLFDOO\ ? ? ?
LQHIILFLHQWDQGLQFUHDVHUHVWLQJHQHUJ\H[SHQGLWXUH ? ? ?
:HDUHDZDUHRIRQO\DIHZSULRULQYHVWLJDWLRQVRQOLYHUPLWRFKRQGULDOHQHUJHWLFVLQFDQFHUFDFKH[LD ? ? ?
8VLQJUDWVEHDULQJWKHSHULWRQHDOFDUFLQRPDDVDPRGHORIFDQFHUFDFKH[LD'XPDVHWDOUHSRUWHGUHGXFHG ? ? ?
32DQGLQFUHDVHGHQHUJ\ZDVWLQJLQOLYHUPLWRFKRQGULDHYHQWVFRQVLVWHQWZLWKRXUILQGLQJRIUHGXFHGOLYHU ? ? ?
5&57KH\DOVRIRXQGWKHLQFUHDVHGHQHUJ\ZDVWLQJWREHDVVRFLDWHGZLWKJUHDWHUFDUGLROLSLQFRQWHQW ? ? ?
5 ,QWKHSUHVHQWZRUNFDUGLROLSLQFRQWHQWLQFUHDVHGLQPRGHUDWHFDFKH[LDDQGVWD\HGHOHYDWHGLQWKH ? ? ?
VHYHUHVWDWHFRQVLVWHQWZLWKWKHLUILQGLQJV7KHH[SDQVLRQRIFDUGLROLSLQPDVVLQOLYHULVRIQRWHJLYHQWKDWLQ ? ? ?
WKHHOGHUO\DQGLQPDQ\SDWKRORJLHVHJKHDUWIDLOXUH%DUWKV\QGURPHLVFKHPLDUHSHUIXVLRQLQMXU\ ? ? ?
PRGLILFDWLRQVWRFDUGLROLSLQSURILOHVW\SLFDOO\FRQVLVWRIGHFUHDVHGFRQWHQWDOWHUHGIDWW\DFLGFRPSRVLWLRQDQGRU ? ? ?
SHUR[LGDWLRQ:HDUHXQDEOHWRDGGUHVVZKHWKHUFKDQJHVLQFRPSRVLWLRQRFFXUUHGKRZHYHUWKH ? ? ?
GHFUHDVHG+2LQOLYHUPLWRFKRQGULDOO\VDWHVGXULQJFDFKH[LDVXJJHVWVPLQLPDOSHUR[LGDWLRQGXHWR ? ? ?
PLWRFKRQGULDO526HPLVVLRQ:HFDQQRWH[FOXGHWKHSRVVLELOLW\WKRXJKRIORZDQWLR[LGDQWFDSDFLW\DQGKLJK ? ? ?
R[LGDWLYHVWUHVV7UHDWPHQWRIQRUPDOOLYHUPLWRFKRQGULDZLWKFDUGLROLSLQHQULFKHGOLSRVRPHVKDVEHHQVKRZQ ? ? ?
WRDGYHUVHO\DIIHFW$73V\QWKHVLVDQGLQFUHDVHQRQSKRVSKRU\ODWLQJUHVSLUDWLRQRIIHULQJDSRVVLEOH ? ? ?
H[SODQDWLRQIRUWKHVLJQLILFDQFHRIHQKDQFHGOLYHUFDUGLROLSLQLQFDQFHUFDFKH[LD ? ? ?
7KHUROHRI$QWLQPHGLDWLQJFDFKH[LDDVVRFLDWHGHQHUJ\ZDVWLQJKDVUHFHLYHGVRPHDWWHQWLRQ$QW ? ? ?
LVDQ$'3$73H[FKDQJHULQWKHLQQHUPLWRFKRQGULDOPHPEUDQHWKDWKDVXQFRXSOLQJFDSDELOLW\7UHDWPHQWRI ? ? ?
OLYHUPLWRFKRQGULDIURPFDFKHFWLFUDWVZLWKFDUER[\DWUDFW\ODWHDQLQKLELWRURI$QWGLGQRWPLWLJDWHHQHUJ\ ? ? ?
ZDVWLQJVXJJHVWLQJWKDW$QWLVQRWDPDMRUFRQWULEXWRUWR/($.UHVSLUDWLRQLQOLYHUPLWRFKRQGULDIURPFDFKHFWLF ? ? ?
URGHQWV7KHUHIRUHLQHIILFLHQF\RI2;3+26DQGHQHUJ\ZDVWLQJPD\GHSHQGRQFDUGLROLSLQEXWQRW$QW ? ? ?
+RZHYHUZHREVHUYHGDVLJQLILFDQWLQYHUVHUHODWLRQVKLSEHWZHHQ$QWDQG5&5LQWKHOLYHUVXJJHVWLQJD ? ? ?
SRWHQWLDOUROHIRU$QWH[SUHVVLRQWREHLQYROYHGLQXQFRXSOLQJ'LUHFWPDQLSXODWLRQVRIOLYHU$QWDUH ? ? ?
QHFHVVDU\WREHWWHUXQGHUVWDQGWKHUROHRIWKLVPROHFXOHLQ2;3+26IXQFWLRQLQFDQFHUFDFKH[LD:HDOVR ? ? ?
DQWLFLSDWHGDQLQFUHDVHLQ8FSH[SUHVVLRQLQOLYHUPLWRFKRQGULDIURP&PLFHZLWKFDFKH[LD$OWKRXJK8FS ? ? ?
H[SUHVVLRQZDVaIROGJUHDWHULQ&PLFHFRPSDUHGWR3%6:6WKLVGLGQRWUHDFKVWDWLVWLFDOVLJQLILFDQFH ? ? ?
7KHUHIRUHWKHLQFUHDVHG/($.UHVSLUDWLRQDQGXQFRXSOLQJRI2;3+26GRHVQRWDSSHDUWREHPHGLDWHGE\ ? ? ?
8FSDWOHDVWLQFRORQWXPRULQGXFHGFDFKH[LD7KHVHILQGLQJVEULQJDWWHQWLRQWRWKHSUHYLRXVO\ ? ? ?
 ? ?

XQGHUDSSUHFLDWHGUROHRIOLYHUPLWRFKRQGULDOIXQFWLRQLQFDQFHUFDFKH[LDDQGVXJJHVWDEHQHILWRIWKHUDSLHVWKDW ? ? ?
LPSURYHPLWRFKRQGULDOIXQFWLRQRIWKHOLYHU ? ? ?
:HQRWHVHYHUDOOLPLWDWLRQVLQWKLVLQYHVWLJDWLRQ)RRGLQWDNHPHDVXUHPHQWVZHUHLQFRPSOHWHDQGDUH ? ? ?
WKHUHIRUHQRWUHSRUWHG7KLVLQIRUPDWLRQLVQHHGHGWRGHWHUPLQHZKHWKHURUQRWWXPRULQGXFHGDQRUH[LDLV ? ? ?
SUHVHQWDQGE\H[WHQVLRQLIPXVFOHPDVVFKDQJHVUHODWHLQSDUWWRHQHUJ\LQWDNH$SUHYLRXVVWXG\XVLQJ& ? ? ?
FHOOVVRXUFHGIURPWKHVDPHEDQNUHSRUWHGQRDQRUH[LDLQFDFKH[LF&PLFHDQGWKLVFRXOGEHDSRVVLEOH ? ? ?
LQGLFDWLRQWKDWRXU&PLFHZRXOGDOVRQRWH[KLELWVLJQLILFDQWDQRUH[LD+RZHYHUWKLVVXJJHVWLRQUHPDLQVWR ? ? ?
EHYHULILHG)RRGLQWDNHDQGQXWULHQWDEVRUSWLRQDUHDOVRLPSRUWDQWGXHWRWKHSRWHQWLDOLPSDFWRIIHGYHUVXV ? ? ?
SURORQJHGIDVWHGVWDWHVRQ2;3+26DQG(76FDSDFLW\)XUWKHUPRUHDVVHVVPHQWRIZKROHERG\ ? ? ?
PHWDEROLVPZDVQRWSHUIRUPHGDQGWKLVZRXOGKDYHEHHQDNH\DGGLWLRQLQRUGHUWRUHODWHDOWHUDWLRQVDWWKH ? ? ?
PLWRFKRQGULDOOHYHOWRWKHZKROHERG\)RULQVWDQFHWKHEURDGHUSK\VLRORJLFDOVLJQLILFDQFHRIWLVVXHVSHFLILF ? ? ?
FKDQJHVLQPLWRFKRQGULDOUHVSLUDWLRQFRXOGEHGHPRQVWUDWHGE\WKHLUUHODWLRQVKLSWRDZKROHERG\PHDVXUHPHQW ? ? ?
VXFKDVUHVWLQJHQHUJ\H[SHQGLWXUHZKLFKLVHOHYDWHGLQFDFKH[LD$QRWKHULPSRUWDQWFRQVLGHUDWLRQLVWKH ? ? ?
LGHQWLILFDWLRQRIXSVWUHDPWULJJHUVVXFKDVWXPRUGHULYHGSURGXFWVWKDWPD\EHUHVSRQVLEOHIRUWKHHIIHFWVZH ? ? ?
REVHUYHG2WKHUVKDYHUHSRUWHGLQWHUOHXNLQDQGSDUDWK\URLGKRUPRQHUHODWHGSURWHLQWREHWULJJHUVRIZKLWH ? ? ?
DGLSRVHEHLJLQJDQGWKH\FRXOGEHSRVVLEOHFDQGLGDWHVIRURXUPLWRFKRQGULDODOWHUDWLRQVLQDGLSRVH ? ? ?
:KHWKHULQIODPPDWRU\F\WRNLQHVRUWXPRUGHULYHGSURGXFWVDFFRXQWIRURXUREVHUYHGHIIHFWVLQOLYHUDUH ? ? ?
XQFHUWDLQ:HGLGQRWDQDO\]HWXPRUVRUSODVPDWRVFUHHQIRUSRWHQWLDOWULJJHUVRIPLWRFKRQGULDOG\VUHJXODWLRQ ? ? ?
DQGWKLVPHULWVIXUWKHUH[SHULPHQWDOFRQVLGHUDWLRQ ? ? ?
/DVWO\ZHQRWHWKDWRXUWLVVXHFROOHFWLRQPHWKRGVZHUHDGRSWHGIURPSULRULQYHVWLJDWLRQVZLWK ? ? ?
PRGLILFDWLRQVLQRUGHUWRDWWDLQDQGZHLJKWORVVLQPRGHUDWHDQGVHYHUHFDFKH[LDUHVSHFWLYHO\%RG\ ? ? ?
ZHLJKWZDVURXWLQHO\PRQLWRUHGWRGHWHUPLQHWKHWLPLQJRIWLVVXHFROOHFWLRQKRZHYHUDQ\PHDVXUHPHQWWDNHQ ? ? ?
EHIRUHVDFULILFHZRXOGEHFRQIRXQGHGE\WXPRUZHLJKW7KXVZHGUHZXSRQRXUSUHYLRXVH[SHULHQFHZLWKWKLV ? ? ?
PRGHODQWLFLSDWLQJDILQDOWXPRUPDVVDWQHFURSV\RIaJZLWKVHYHUHFDFKH[LDZHLJKWORVVDQGWXPRU ? ? ?
PDVVRIaJDWPRGHUDWHZHLJKWORVV)RUWKHW\SLFDODGXOW%DOEFPDOHZHLJKLQJJJWXPRUPDVV ? ? ?
ZRXOGDFFRXQWIRUaRIERG\ZHLJKW'XULQJURXWLQHPRQLWRULQJDPRXVHVKRZLQJaZHLJKWORVVZRXOG ? ? ?
EHHXWKDQL]HGLQDQWLFLSDWLRQRIWXPRUPDVVDFFRXQWLQJIRUaRIERG\ZHLJKWLQRUGHUWRDWWDLQWKHWDUJHW ? ? ?
ZHLJKWORVVRIIRUWKHPRGHUDWHFDFKH[LDJURXS7KLVGHYLDWHVVRPHZKDWLQFRPSDULVRQWRRWKHUJURXSV ? ? ?
 ? ?

WKDWDOVRVWXG\FDFKH[LDVHYHULW\LQWKH&PRGHO)RULQVWDQFH=LPPHUVODERUDWRU\XVHDQG ? ? ?
ZHLJKWORVVIRUPLOGPRGHUDWHDQGVHYHUHFDFKH[LDUHVSHFWLYHO\:KHQRQHJURXSRIPLFHUHDFKHV ? ? ?
ZHLJKWORVVZHLJKWPHDVXUHPHQWVLQFOXGHWKHWXPRUDOORWKHUJURXSVDUHHXWKDQL]HG7KLVXQLIRUPWLPLQJ ? ? ?
RIWLVVXHFROOHFWLRQGLIIHUHGIURPWKHSUHVHQWZRUNDQGWKLVPHWKRGRORJLFDOGLIIHUHQFHVKRXOGEHFRQVLGHUHG ? ? ?
ZKHQPDNLQJFRPSDULVRQVEHWZHHQLQYHVWLJDWLRQV ? ? ?
,QFRQFOXVLRQZHSURYLGHHYLGHQFHIRUWLVVXHVSHFLILFDGDSWDWLRQLQPLWRFKRQGULDOUHVSLUDWRU\FRQWUROLQ ? ? ?
FRORQWXPRULQGXFHGFDFKH[LD,PSDLUPHQWRIVNHOHWDOPXVFOHPLWRFKRQGULDO2;3+26RFFXUUHG ? ? ?
SUHGRPLQDQWO\LQVHYHUHODWHVWDJHFDFKH[LDZKHUHDVQHJDWLYHDGDSWDWLRQVLQPLWRFKRQGULDRIOLYHUDQG:$7 ? ? ?
LQFOXGLQJLQFUHDVHG/($.DQGUHGXFHGFRXSOLQJFRQWUROZHUHIRXQGHDUOLHULQFDFKH[LDSURJUHVVLRQDQGFRXOG ? ? ?
FRQWULEXWHWRLQFUHDVHGZKROHERG\HQHUJ\H[SHQGLWXUHDQGLQYROXQWDU\ZHLJKWORVVFKDUDFWHULVWLFRIFDQFHU ? ? ?
FDFKH[LD7RJHWKHUWKHVHILQGLQJVVXJJHVWPLWRFKRQGULDOIXQFWLRQRIPXOWLSOHWLVVXHVWREHSRWHQWLDOVLWHVRI ? ? ?
WDUJHWHGWKHUDSLHV ? ? ?
 ? ? ?
Perspectives and Significance  ? ? ?
 7KHUHDUHFXUUHQWO\QRDSSURYHGWUHDWPHQWVIRUFDQFHUFDFKH[LDZKLFKRFFXUVLQXSWRRI ? ? ?
DGYDQFHGFDQFHUSDWLHQWVDQGDFFRXQWVIRUDQHVWLPDWHGRIFDQFHUUHODWHGGHDWKV3DWKVWRZDUGHIIHFWLYH ? ? ?
WUHDWPHQWVDUHFRPSOLFDWHGLQSDUWE\WKHV\VWHPLFQDWXUHRIWKHGLVHDVHZKHUHG\VIXQFWLRQRIPXOWLSOHRUJDQV ? ? ?
FRQWULEXWHVWRWKHFDFKH[LFSKHQRW\SH8QUDYHOLQJWKHPHFKDQLVPVE\ZKLFKPXOWLRUJDQUHPRGHOLQJ ? ? ?
FRQWULEXWHVWRFDFKH[LDDUHQHFHVVDU\LQRUGHUWRGHYLVHVXSSRUWLYHFDUHDQGWUHDWPHQWVWUDWHJLHVWKDWLPSURYH ? ? ?
WKHOLYHVRIDIIHFWHGFDQFHUSDWLHQWV+HUHZHFRQWULEXWHWRWKHXQGHUVWDQGLQJRIVRPHRIWKHVHPHFKDQLVPV ? ? ?
:HLGHQWLI\WLVVXHVSHFLILFUHVSRQVHVWKDWPLWRFKRQGULDXQGHUJRDWYDU\LQJGHJUHHVRIFDFKH[LDVHYHULW\:H ? ? ?
VKRZWKDWPLWRFKRQGULDLQERWKPXVFOHDQGQRQPXVFOHRUJDQVOLYHUDGLSRVHDUHLQYROYHGLQWKHRQVHWRI ? ? ?
PRGHUDWHFDFKH[LDDQGDSSHDUWRDOVRUHJXODWHSURJUHVVLRQWRZDUGVDVHYHUHSUHVHQWDWLRQRIWKHGLVHDVH ? ? ?
7DUJHWLQJPLWRFKRQGULDOIXQFWLRQLQDYDULHW\RIWLVVXHW\SHVDQGGHILQLQJKRZWKRVHWDUJHWHGPDQLSXODWLRQV ? ? ?
LPSDFWFDFKH[LDRQVHWDQGSURJUHVVLRQDUHLPSRUWDQWQH[WVWHSVWRVKRZZKLFKPLWRFKRQGULDOPHFKDQLVPV ? ? ?
FRXOGEHH[SORLWHGWRLPSURYHSDWLHQWRXWFRPHV  ? ? ?
 ? ? ?
 ? ? ?
 ? ?

$FNQRZOHGJHPHQWV ? ? ?
:HH[WHQGRXUVLQFHUHWKDQNVWR'U&KXQ-XQJ+XDQJ'LUHFWRURIWKH([HUFLVH%LRFKHPLVWU\/DERUDWRU\IRU ? ? ?
UHVHDUFKVXSSRUWDQG-RVHSK3&DU]ROLDQG7UHYRU.-RKQVRQIRUWHFKQLFDODVVLVWDQFH-/+ZDVVXSSRUWHG ? ? ?
E\DQ8QGHUJUDGXDWH5HVHDUFK)HOORZVKLS685)IURPWKH2IILFHRI8QGHUJUDGXDWH5HVHDUFKDQG,QTXLU\DW ? ? ?
)ORULGD$WODQWLF8QLYHUVLW\ ? ? ?
 ? ? ?
&RQIOLFWRI,QWHUHVW ? ? ?
7KHDXWKRUVGHFODUHQRFRQIOLFWRILQWHUHVW ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ?

5HIHUHQFHV ? ? ?
 ? ? ŶĚƌĞƵǆW ?,ŽƵƚŬŽŽƉĞƌZ, ?ĂŶĚƵǁĞƌǆ: ?WŚĂƌŵĂĐŽůŽŐŝĐĂůĂƉƉƌŽĂĐŚĞƐƚŽƌĞƐƚŽƌĞŵŝƚŽĐŚŽŶĚƌŝĂůĨƵŶĐƚŝŽŶ ?EĂƚ ? ? ?
ZĞǀƌƵŐŝƐĐŽǀ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ƌŐŝůĞƐ:D ?ƵƐƋƵĞƚƐ^ ?^ƚĞŵŵůĞƌ ?ĂŶĚ>ŽƉĞǌ ?^ŽƌŝĂŶŽ&: ?ĂŶĐĞƌĐĂĐŚĞǆŝĂ PƵŶĚĞƌƐƚĂŶĚŝŶŐƚŚĞŵŽůĞĐƵůĂƌďĂƐŝƐ ? ? ? ?
EĂƚZĞǀĂŶĐĞƌ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ƌŐŝůĞƐ:D ?>ŽƉĞǌ ?^ŽƌŝĂŶŽ&: ?ĂŶĚƵƐƋƵĞƚƐ ^?DƵƐĐůĞǁĂƐƚŝŶŐŝŶĐĂŶĐĞƌ PƚŚĞƌŽůĞŽĨŵŝƚŽĐŚŽŶĚƌŝĂ ?ƵƌƌKƉŝŶůŝŶ ? ? ?
EƵƚƌDĞƚĂďĂƌĞ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ƐƐŝD ?ĞƌďƌĞ& ?>ĞĨĞƵǀƌĞ ?KƌĨŝůĂ> ?ĂŶĚZĞďŝůůĂƌĚ ?ŶƚŝŽǆŝĚĂŶƚƐƵƉƉůĞŵĞŶƚĂƚŝŽŶĂĐĐĞůĞƌĂƚĞƐĐĂĐŚĞǆŝĂ ? ? ?
ĚĞǀĞůŽƉŵĞŶƚďǇƉƌŽŵŽƚŝŶŐƚƵŵŽƌŐƌŽǁƚŚŝŶ ? ?ƚƵŵŽƌ ?ďĞĂƌŝŶŐŵŝĐĞ ?&ƌĞĞZĂĚŝĐŝŽůDĞĚ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ĂŬĞƌD: ?WĂůŵĞƌ^ ?ĂŶĚ^ƚŽũĂŶŽǀƐŬŝ ?DŝƚŽĐŚŽŶĚƌŝĂůƉƌŽƚĞŝŶƋƵĂůŝƚǇĐŽŶƚƌŽůŝŶŚĞĂůƚŚĂŶĚĚŝƐĞĂƐĞ ?ƌ: ? ? ?
WŚĂƌŵĂĐŽů ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ĂŬĞƌD: ?dĂƚƐƵƚĂd ?ĂŶĚ>ĂŶŐĞƌd ?YƵĂůŝƚǇĐŽŶƚƌŽůŽĨŵŝƚŽĐŚŽŶĚƌŝĂůƉƌŽƚĞŽƐƚĂƐŝƐ ?ŽůĚ^ƉƌŝŶŐ,ĂƌďWĞƌƐƉĞĐƚŝŽů ? ? ?
 ? P ? ? ? ? ? ? ? ?
 ? ? ŽŶĞƚƚŽ ?ǇĚŽŐĚƵd ?<ƵŶǌĞǀŝƚǌŬǇE ?'ƵƚƚƌŝĚŐĞ ?<ŚƵƌŝ^ ?<ŽŶŝĂƌŝƐ>' ?ĂŶĚŝŵŵĞƌƐd ?^dd ?ĂĐƚŝǀĂƚŝŽŶŝŶ ? ? ?
ƐŬĞůĞƚĂůŵƵƐĐůĞůŝŶŬƐŵƵƐĐůĞǁĂƐƚŝŶŐĂŶĚƚŚĞĂĐƵƚĞƉŚĂƐĞƌĞƐƉŽŶƐĞŝŶĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?WůŽ^ŽŶĞ ? PĞ ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ŽŶĞƚƚŽ ?ZƵƉĞƌƚ: ?ĂƌƌĞƚŽZ ?ĂŶĚŝŵŵĞƌƐd ?dŚĞŽůŽŶ ? ? ?ĂƌĐŝŶŽŵĂdƵŵŽƌ ?ďĞĂƌŝŶŐDŽƵƐĞĂƐĂDŽĚĞů ? ? ?
ĨŽƌƚŚĞ^ƚƵĚǇŽĨĂŶĐĞƌĂĐŚĞǆŝĂ ?: sŝƐǆƉ ? ? ? ? ? ? ? ?
 ? ? ŽƵĚŝŶĂ^ ?ĂŶĚ'ƌĂŚĂŵd ?DŝƚŽĐŚŽŶĚƌŝĂůĨƵŶĐƚŝŽŶ ?ĚǇƐĨƵŶĐƚŝŽŶŝŶǁŚŝƚĞĂĚŝƉŽƐĞƚŝƐƐƵĞ ?ǆƉWŚǇƐŝŽů ? ? P ? ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ƌŽǁŶ:> ?ZŽƐĂ ?ĂůĚǁĞůůD ?>ĞĞ ?ůĂĐŬǁĞůůd ?ƌŽǁŶ> ?WĞƌƌǇZ ?,ĂǇŶŝĞt^ ?,ĂƌĚĞĞ:W ?ĂƌƐŽŶ: ? ? ? ?
tŝŐŐƐDW ?tĂƐŚŝŶŐƚŽŶd ?ĂŶĚ'ƌĞĞŶĞEW ?DŝƚŽĐŚŽŶĚƌŝĂůĚĞŐĞŶĞƌĂƚŝŽŶƉƌĞĐĞĚĞƐƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨŵƵƐĐůĞĂƚƌŽƉŚǇ ? ? ?
ŝŶƉƌŽŐƌĞƐƐŝŽŶŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂŝŶƚƵŵŽƵƌ ?ďĞĂƌŝŶŐŵŝĐĞ ?: ĂĐŚĞǆŝĂ^ĂƌĐŽƉĞŶŝĂDƵƐĐůĞ ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ƵƌƚƐĐŚĞƌ: ?ĂŶŐƌĂŶĚŝ> ?^ĐŚǁĂƌǌĞƌ ?ĂŶĚ'ŶĂŝŐĞƌ ? ŝĨĨĞƌĞŶĐĞƐŝŶŵŝƚŽĐŚŽŶĚƌŝĂůĨƵŶĐƚŝŽŶŝŶŚŽŵŽŐĞŶĂƚĞĚ ? ? ?
ƐĂŵƉůĞƐĨƌŽŵŚĞĂůƚŚǇĂŶĚĞƉŝůĞƉƚŝĐƐƉĞĐŝĨŝĐďƌĂŝŶƚŝƐƐƵĞƐƌĞǀĞĂůĞĚďǇŚŝŐŚ ?ƌĞƐŽůƵƚŝŽŶƌĞƐƉŝƌŽŵĞƚƌǇ ?DŝƚŽĐŚŽŶĚƌŝŽŶ ? ? P ? ? ?
 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ĂŶƚŽ ?ĂŶĚ'ĂƌĐŝĂ ?ZŽǀĞƐWD ?,ŝŐŚ ?ZĞƐŽůƵƚŝŽŶZĞƐƉŝƌŽŵĞƚƌǇĨŽƌDŝƚŽĐŚŽŶĚƌŝĂůŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶŽĨǆsŝǀŽ ? ? ?
DŽƵƐĞdŝƐƐƵĞƐ ?ƵƌƌWƌŽƚŽĐDŽƵƐĞŝŽů ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ĂƌƐŽŶ: ?,ĂƌĚĞĞ:W ?ĂŶĚsĂŶĚĞƌsĞĞŶE ?dŚĞĞŵĞƌŐŝŶŐƌŽůĞŽĨƐŬĞůĞƚĂůŵƵƐĐůĞŽǆŝĚĂƚŝǀĞŵĞƚĂďŽůŝƐŵĂƐĂ ? ? ?
ďŝŽůŽŐŝĐĂůƚĂƌŐĞƚĂŶĚĐĞůůƵůĂƌƌĞŐƵůĂƚŽƌŽĨĐĂŶĐĞƌ ?ŝŶĚƵĐĞĚŵƵƐĐůĞǁĂƐƚŝŶŐ ?^ĞŵŝŶĞůůĞǀŝŽů ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŚŝĐĐŽ: ?>Ğ, ?^ĐŚůĂƚĞƌ ?EŐƵǇĞŶ ?<ĂǇĞ^ ?ĞĂůƐ:t ?^ĐĂůǌŽZ> ?Ğůů ?'ŶĂŝŐĞƌ ?ŽƐƚĂW ?ƌŽĐŬĞƌ ? ? ? ?
ĂŶĚ<ĂŶĂƚŽƵƐ^ ?,ŝŐŚĨĂƚƚǇĂĐŝĚŽǆŝĚĂƚŝŽŶĐĂƉĂĐŝƚǇĂŶĚƉŚŽƐƉŚŽƌǇůĂƚŝŽŶĐŽŶƚƌŽůĚĞƐƉŝƚĞĞůĞǀĂƚĞĚůĞĂŬĂŶĚƌĞĚƵĐĞĚ ? ? ?
ƌĞƐƉŝƌĂƚŽƌǇĐĂƉĂĐŝƚǇŝŶŶŽƌƚŚĞƌŶĞůĞƉŚĂŶƚƐĞĂůŵƵƐĐůĞŵŝƚŽĐŚŽŶĚƌŝĂ ?: ǆƉŝŽů ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŚŝĐĐŽ: ?ĂŶĚ^ƉĂƌĂŐŶĂ' ?ZŽůĞŽĨĐĂƌĚŝŽůŝƉŝŶĂůƚĞƌĂƚŝŽŶƐŝŶŵŝƚŽĐŚŽŶĚƌŝĂůĚǇƐĨƵŶĐƚŝŽŶĂŶĚĚŝƐĞĂƐĞ ?ŵ: ? ? ?
WŚǇƐŝŽůĞůůWŚǇƐŝŽů ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŽŶƐƚĂŶƚŝŶŽƵ ?&ŽŶƚĞƐĚĞKůŝǀĞŝƌĂ ?DŝŶƚǌŽƉŽƵůŽƐ ?ƵƐƋƵĞƚƐ^ ?,Ğ: ?<ĞƐĂƌǁĂŶŝD ?DŝŶĚƌŝŶŽƐD ?ZĂŚŵĞ ? ? ?
>' ?ƌŐŝůĞƐ:D ?ĂŶĚdǌŝŬĂ ?EƵĐůĞĂƌŵĂŐŶĞƚŝĐƌĞƐŽŶĂŶĐĞŝŶĐŽŶũƵŶĐƚŝŽŶǁŝƚŚĨƵŶĐƚŝŽŶĂůŐĞŶŽŵŝĐƐƐƵŐŐĞƐƚƐ ? ? ?
ŵŝƚŽĐŚŽŶĚƌŝĂůĚǇƐĨƵŶĐƚŝŽŶŝŶĂŵƵƌŝŶĞŵŽĚĞůŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?/ŶƚĞƌŶĂƚŝŽŶĂůũŽƵƌŶĂůŽĨŵŽůĞĐƵůĂƌŵĞĚŝĐŝŶĞ ? ? P ? ? ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ?
 ? ? ? ĂŚůŵĂŶ/ ?DĞũŚĞƌƚE ?>ŝŶĚĞƌ< ?ŐƵƐƚƐƐŽŶd ?DƵƚĐŚD ?<ƵůǇƚĞ ?/ƐĂŬƐƐŽŶ ?WĞƌŵĞƌƚ: ?WĞƚƌŽǀŝĐE ? ? ? ?
EĞĚĞƌŐĂĂƌĚ: ?^ũŽůŝŶ ?ƌŽĚŝŶ ?ůĞŵĞŶƚ< ?ĂŚůŵĂŶ ?tƌŝŐŚƚ< ?ZǇĚĞŶD ?ĂŶĚƌŶĞƌW ?ĚŝƉŽƐĞƚŝƐƐƵĞƉĂƚŚǁĂǇƐ ? ? ?
ŝŶǀŽůǀĞĚŝŶǁĞŝŐŚƚůŽƐƐŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?ƌ:ĂŶĐĞƌ ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŝDĂƌĐŽ^ ?ĂŵŵĂƐ ?>ŝĂŶy: ?<ŽǀĂĐƐE ?DĂ:& ?,Ăůůd ?DĂǌƌŽƵŝZ ?ZŝĐŚĂƌĚƐŽŶ: ?WĞůůĞƚŝĞƌ: ?ĂŶĚ'ĂůůŽƵǌŝ/ ? ? ? ?
dŚĞƚƌĂŶƐůĂƚŝŽŶŝŶŚŝďŝƚŽƌƉĂƚĞĂŵŝŶĞƉƌĞǀĞŶƚƐĐĂĐŚĞǆŝĂ ?ŝŶĚƵĐĞĚŵƵƐĐůĞǁĂƐƚŝŶŐŝŶŵŝĐĞ ?EĂƚŽŵŵƵŶ ? P ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŝĨĨĞĞ'D ?<ĂůĨĂƐ< ?ů ?DĂũŝĚ^ ?ĂŶĚDĐĂƌƚŚǇK ?ůƚĞƌĞĚĞǆƉƌĞƐƐŝŽŶŽĨƐŬĞůĞƚĂůŵƵƐĐůĞŵǇŽƐŝŶŝƐŽĨŽƌŵƐŝŶ ? ? ?
ĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?ŵ:WŚǇƐŝŽůĞůůWŚǇƐŝŽů ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ƵŵĂƐ:& ?'ŽƵƉŝůůĞ ?:ƵůŝĞŶŶĞD ?WŝŶĂƵůƚD ?ŚĞǀĂůŝĞƌ^ ?ŽƵŐŶŽƵǆW ?^ĞƌǀĂŝƐ^ ?ĂŶĚŽƵĞƚ ?ĨĨŝĐŝĞŶĐǇŽĨ ? ? ?
ŽǆŝĚĂƚŝǀĞƉŚŽƐƉŚŽƌǇůĂƚŝŽŶŝŶůŝǀĞƌŵŝƚŽĐŚŽŶĚƌŝĂŝƐĚĞĐƌĞĂƐĞĚŝŶĂƌĂƚŵŽĚĞůŽĨƉĞƌŝƚŽŶĞĂůĐĂƌĐŝŶŽƐŝƐ ?: ,ĞƉĂƚŽů ? ? P ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ƵŵĂƐ:& ?WĞǇƚĂ> ?ŽƵĞƚ ?ĂŶĚ^ĞƌǀĂŝƐ ^?/ŵƉůŝĐĂƚŝŽŶŽĨůŝǀĞƌĐĂƌĚŝŽůŝƉŝŶƐŝŶŵŝƚŽĐŚŽŶĚƌŝĂůĞŶĞƌŐǇŵĞƚĂďŽůŝƐŵ ? ? ?
ĚŝƐŽƌĚĞƌŝŶĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?ŝŽĐŚŝŵŝĞ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ?

 ? ? ? &ĞĂƌŽŶ< ?ƌĞŶĚƐ: ?ĂŶĚĂƌĂĐŽƐs ?hŶĚĞƌƐƚĂŶĚŝŶŐƚŚĞŵĞĐŚĂŶŝƐŵƐĂŶĚƚƌĞĂƚŵĞŶƚŽƉƚŝŽŶƐŝŶĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ? ? ? ?
EĂƚZĞǀůŝŶKŶĐŽů ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? &ĞƌŵŽƐĞůůĞ ?'ĂƌĐŝĂ ?ƌƵŵŝ ?WƵŝŐ ?sŝůĂŶŽǀĂ ?ŶĚƌĞƵ> ?hƌƚƌĞŐĞƌ: ?ĚĞ<ŝĞƌ:ŽĨĨĞ ?dĞũĞĚŽƌ ?WƵĞŶƚĞ ? ? ? ?
DĂĞƐƚƵ> ?ĂŶĚĂƌƌĞŝƌŽ ?DŝƚŽĐŚŽŶĚƌŝĂůĚǇƐĨƵŶĐƚŝŽŶĂŶĚƚŚĞƌĂƉĞƵƚŝĐĂƉƉƌŽĂĐŚĞƐŝŶƌĞƐƉŝƌĂƚŽƌǇĂŶĚůŝŵďŵƵƐĐůĞƐŽĨ ? ? ?
ĐĂŶĐĞƌĐĂĐŚĞĐƚŝĐŵŝĐĞ ?ǆƉWŚǇƐŝŽů ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? 'ĂůůĞƚW& ?DĂĨƚĂŚ ?WĞƚŝƚ:D ?ĞŶŝƐ ?'ĂǇD ?ĂŶĚ:ƵůŝĞŶZ ?ŝƌĞĐƚĐĂƌĚŝŽůŝƉŝŶĂƐƐĂǇŝŶǇĞĂƐƚƵƐŝŶŐƚŚĞƌĞĚ ? ? ?
ĨůƵŽƌĞƐĐĞŶĐĞĞŵŝƐƐŝŽŶŽĨ ? ? ?E ?ŶŽŶǇůĂĐƌŝĚŝŶĞŽƌĂŶŐĞ ?Ƶƌ:ŝŽĐŚĞŵ ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? 'ĂƌĐŝĂ&ĞƌŶĂŶĚĞǌD/ ?ĞĐĐĂƌĞůůŝ ?ĂŶĚDƵƐĐĂƚĞůůŽh ?hƐĞŽĨƚŚĞĨůƵŽƌĞƐĐĞŶƚĚǇĞ ? ? ?E ?ŶŽŶǇůĂĐƌŝĚŝŶĞŽƌĂŶŐĞŝ  ? ? ?
ƋƵĂŶƚŝƚĂƚŝǀĞĂŶĚůŽĐĂƚŝŽŶĂƐƐĂǇƐŽĨĐĂƌĚŝŽůŝƉŝŶ PĂƐƚƵĚǇŽŶĚŝĨĨĞƌĞŶƚĞǆƉĞƌŝŵĞŶƚĂůŵŽĚĞůƐ ?ŶĂůŝŽĐŚĞŵ ? ? ? P ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ?
 ? ? ? 'ŶĂŝŐĞƌ ?ĂƉĂĐŝƚǇŽĨŽǆŝĚĂƚŝǀĞƉŚŽƐƉŚŽƌǇůĂƚŝŽŶŝŶŚƵŵĂŶƐŬĞůĞƚĂůŵƵƐĐůĞ PŶĞǁƉĞƌƐƉĞĐƚŝǀĞƐŽĨŵŝƚŽĐŚŽŶĚƌŝĂů ? ? ?
ƉŚǇƐŝŽůŽŐǇ ?/Ŷƚ:ŝŽĐŚĞŵĞůůŝŽů ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? 'ŽŶĐĂůǀĞƐD ?,ǁĂŶŐ^< ?WĂƵůŝ ?DƵƌƉŚǇ: ?ŚĞŶŐ ?,ŽƉŬŝŶƐ ?tƵ ?>ŽƵŐŚƌĂŶZD ?ŵĞƌůŝŶŐD ?ŚĂŶŐ ? ? ?
' ?&ĞĂƌŽŶd ?ĂŶĚĂŶƚůĞǇ> ?&ĞŶŽĨŝďƌĂƚĞƉƌĞǀĞŶƚƐƐŬĞůĞƚĂůŵƵƐĐůĞůŽƐƐŝŶŵŝĐĞǁŝƚŚůƵŶŐĐĂŶĐĞƌ ?WƌŽĐEĂƚůĐĂĚ^Đŝh^ ? ? ?
 ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ,Ğŝŵ ?ŚƵŶŐ ?&ůŽƌĂŶƚ'> ?ĂŶĚŚŝĐĐŽ: ?dŝƐƐƵĞ ?ƐƉĞĐŝĨŝĐƐĞĂƐŽŶĂůĐŚĂŶŐĞƐŝŶŵŝƚŽĐŚŽŶĚƌŝĂůĨƵŶĐƚŝŽŶŽĨĂ ? ? ?
ŵĂŵŵĂůŝĂŶŚŝďĞƌŶĂƚŽƌ ?ŵ:WŚǇƐŝŽůZĞŐƵů/ŶƚĞŐƌŽŵƉWŚǇƐŝŽů ? ? ? PZ ? ? ? ?Z ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ,ŽĞŬƐ: ?ǀĂŶ,ĞƌƉĞŶE ?DĞŶƐŝŶŬD ?DŽŽŶĞŶ ?<ŽƌŶŝƉƐ ?ǀĂŶĞƵƌĚĞŶ ?,ĞƐƐĞůŝŶŬD< ?ĂŶĚ^ĐŚƌĂƵǁĞŶW ? ? ? ?
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 ? ? ? ZŽŐŶƐƚĂĚZ ?ĂŶĚ<Ăƚǌ: ?dŚĞĞĨĨĞĐƚŽĨ ? ? ? ?ĚŝŶŝƚƌŽƉŚĞŶŽůŽŶĂĚŝƉŽƐĞ ?ƚŝƐƐƵĞŵĞƚĂďŽůŝƐŵ ?ŝŽĐŚĞŵ: ? ? ? P ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ?
 ? ? ? ZŽŵĂŶĞůůŽs ?ĂŶĚ^ĂŶĚƌŝD ?DŝƚŽĐŚŽŶĚƌŝĂůYƵĂůŝƚǇŽŶƚƌŽůĂŶĚDƵƐĐůĞDĂƐƐDĂŝŶƚĞŶĂŶĐĞ ?&ƌŽŶƚWŚǇƐŝŽů ? P ? ? ? ? ? ? ?
 ? ? ? ? ? ? ? ?
 ? ? ? ^ŝĚŽƐƐŝƐ>^ ?WŽƌƚĞƌ ?^ĂƌĂĨD< ?ŽƌƐŚĞŝŵ ?ZĂĚŚĂŬƌŝƐŚŶĂŶZ^ ?ŚĂŽd ?ůŝ ?ŚŽŶĚƌŽŶŝŬŽůĂD ?DůĐĂŬZ ? ? ? ?
&ŝŶŶĞƌƚǇ ?,ĂǁŬŝŶƐ,< ?dŽůŝǀĞƌ ?<ŝŶƐŬǇd ?ĂŶĚ,ĞƌŶĚŽŶE ?ƌŽǁŶŝŶŐŽĨ^ƵďĐƵƚĂŶĞŽƵƐtŚŝƚĞĚŝƉŽƐĞdŝƐƐƵĞŝŶ ? ? ?
,ƵŵĂŶƐĂĨƚĞƌ^ĞǀĞƌĞĚƌĞŶĞƌŐŝĐ^ƚƌĞƐƐ ?ĞůůDĞƚĂď ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ^ƚĞŝŶĨĞůĚĞƌ,: ?ĂŶĚ:ŽŽƐƚ,' ?ZĞǀĞƌƐŝďůĞƌĞĚƵĐƚŝŽŶŽĨŝŶƐƵůŝŶƌĞĐĞƉƚŽƌĂĨĨŝŶŝƚǇďǇdWĚĞƉůĞƚŝŽŶŝŶƌĂƚĂĚŝƉŽĐǇƚĞƐ ? ? ? ?
ŝŽĐŚĞŵ: ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? dǌŝŬĂ ?&ŽŶƚĞƐ ?KůŝǀĞŝƌĂ ?^ŚĞƐƚŽǀ ?ŽŶƐƚĂŶƚŝŶŽƵ ?WƐǇĐŚŽŐŝŽƐE ?ZŝŐŚŝs ?DŝŶƚǌŽƉŽƵůŽƐ ?ƵƐƋƵĞƚƐ^ ? ? ? ?
>ŽƉĞǌ ?^ŽƌŝĂŶŽ&: ?DŝůŽƚ^ ?>ĞƉŝŶĞ& ? DŝŶĚƌŝŶŽƐDE ?ZĂŚŵĞ>' ?ĂŶĚƌŐŝůĞƐ:D ?^ŬĞůĞƚĂůŵƵƐĐůĞŵŝƚŽĐŚŽŶĚƌŝĂů ? ? ?
ƵŶĐŽƵƉůŝŶŐŝŶĂŵƵƌŝŶĞĐĂŶĐĞƌĐĂĐŚĞǆŝĂŵŽĚĞů ?/Ŷƚ:KŶĐŽů ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? sŝƐĂǀĂĚŝǇĂEW ?<ĞĂƐĞǇDW ?ZĂǌƐŬĂǌŽǀƐŬŝǇs ?ĂŶĞƌũĞĞ< ? :ŝĂ ?>ŽǀŝŶƐ ?tƌŝŐŚƚ'> ?ĂŶĚ,ĂŐŐd ?/ŶƚĞŐƌŝŶ ?&< ? ? ?
ƐŝŐŶĂůŝŶŐƌĂƉŝĚůǇĂŶĚƉŽƚĞŶƚůǇƉƌŽŵŽƚĞƐŵŝƚŽĐŚŽŶĚƌŝĂůĨƵŶĐƚŝŽŶƚŚƌŽƵŐŚ^dd ? ?ĞůůŽŵŵƵŶ^ŝŐŶĂů ? ? P ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? sŝƐĂǀĂĚŝǇĂEW ?DĐǁĞŶD> ?WĂŶĚǇĂ: ?^ƵůůŝǀĂŶW' ?'ǁĂŐ: ?ĂŶĚ^ƉƌŝŶŐĞƌ: ?ŶƚŝŽǆŝĚĂŶƚƉƌŽƉĞƌƚŝĞƐŽĨ ? ? ?
EĞƵ ? ? ? ?ŽŶŵŝƚŽĐŚŽŶĚƌŝĂůĨƌĞĞƌĂĚŝĐĂůƐĂŶĚŽǆŝĚĂƚŝǀĞĚĂŵĂŐĞ ?dŽǆŝĐŽů/ŶsŝƚƌŽ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ǀŽŶ,ĂĞŚůŝŶŐ^ ?ĂŶĚŶŬĞƌ^ ?ĂĐŚĞǆŝĂĂƐĂŵĂũŽƌƵŶĚĞƌĞƐƚŝŵĂƚĞĚĂŶĚƵŶŵĞƚŵĞĚŝĐĂůŶĞĞĚ PĨĂĐƚƐĂŶĚ ? ? ?
ŶƵŵďĞƌƐ ?: ĂĐŚĞǆŝĂ^ĂƌĐŽƉĞŶŝĂDƵƐĐůĞ ? P ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? tŚŝƚĞ:W ?ĂǇŶĞƐ:t ?tĞůůĞ^> ?<ŽƐƚĞŬD ?DĂƚĞƐŝĐ> ?^ĂƚŽ^ ?ĂŶĚĂƌƐŽŶ: ?dŚĞƌĞŐƵůĂƚŝŽŶŽĨƐŬĞůĞƚĂůŵƵƐĐůĞ ? ? ?
ƉƌŽƚĞŝŶƚƵƌŶŽǀĞƌĚƵƌŝŶŐƚŚĞƉƌŽŐƌĞƐƐŝŽŶŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂŝŶƚŚĞƉĐ ?DŝŶ ?A? ?ŵŽƵƐĞ ?WůŽ^ŽŶĞ ? PĞ ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? yƵ, ?ƌĂǁĨŽƌĚ ?,ƵƚĐŚŝŶƐŽŶ<Z ?zŽƵƚǌ: ?>ƵĐĐŚĞƐŝW ?sĞůƚĞŶD ?DĐĂƌƚŚǇK ?ĂŶĚtŽůĚ> ?DǇŽĐĂƌĚŝĂů ? ? ?
ĚǇƐĨƵŶĐƚŝŽŶŝŶĂŶĂŶŝŵĂůŵŽĚĞůŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂ ?>ŝĨĞƐĐŝĞŶĐĞƐ ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ? ŚŽƵy ?tĂŶŐ:> ?>Ƶ: ?^ŽŶŐz ?<ǁĂŬ<^ ?:ŝĂŽY ?ZŽƐĞŶĨĞůĚZ ?ŚĞŶY ?ŽŽŶĞd ?^ŝŵŽŶĞƚt^ ?>ĂĐĞǇ> ?'ŽůĚďĞƌŐ ? ? ?
> ?ĂŶĚ,ĂŶ,Y ?ZĞǀĞƌƐĂůŽĨĐĂŶĐĞƌĐĂĐŚĞǆŝĂĂŶĚŵƵƐĐůĞǁĂƐƚŝŶŐďǇĐƚZ//ĂŶƚĂŐŽŶŝƐŵůĞĂĚƐƚŽƉƌŽůŽŶŐĞĚƐƵƌǀŝǀĂů ?Ğůů ? ? ?
 ? ? ? P ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ?

)LJXUH/HJHQGV ? ? ?
)LJXUH:HLJKWORVVDQGRUJDQDWURSK\LQFRORQWXPRULQGXFHGFDFKH[LD ? ? ?
D%RG\ZHLJKWFKDQJHVRI3%6:HLJKW6WDEOHQ &:HLJKW6WDEOHQ &0RGHUDWHQ DQG& ? ? ?
6HYHUHQ E7XPRUZHLJKWVRIH[SHULPHQWDOJURXSVF6NHOHWDOPXVFOHZHWZHLJKWVRISODQWDULV3/7 ? ? ?
JDVWURFQHPLXV*$6DQGTXDGULFHSV48$'G(SLGLG\PDOZKLWHDGLSRVHWLVVXH:$7ZHWZHLJKW:$7 ? ? ?
ZDVQRWGHWHFWHG1'LQ&VHYHUHJURXSHI:HWZHLJKWRIVSOHHQHDQGOLYHUIJ5HSUHVHQWDWLYH ? ? ?
P\RILEHUFURVVVHFWLRQVRIJDVWURFQHPLXVPXVFOHLPDJHGDW[,PDJHGFURVVVHFWLRQVZHUHDQDO\]HGIRUDOO ? ? ?
PLFHH[FOXGLQJQ IURP&:HLJKW6WDEOHDQGQ IURP&6HYHUHGXHWRXQDYDLODEOHWLVVXHPRXQWVWRWDO ? ? ?
DQDO\]HGQ K0HDQP\RILEHUFURVVVHFWLRQDODUHDL)LEHUVL]HGLVWULEXWLRQEHWZHHQJURXSVGLVSOD\HG ? ? ?
DVUHODWLYHIUHTXHQF\SHUFHQWDJH'DWDSUHVHQWHGDVPHDQ6('LIIHUHQFHVGHWHUPLQHGE\RQHZD\ ? ? ?
$129$SSS ? ? ?
 ? ? ?
)LJXUH,PSDLUPHQWRIFRPSOH[,OLQNHGVNHOHWDOPXVFOHPLWRFKRQGULDOUHVSLUDWLRQLQVHYHUHFDFKH[LD ? ? ?
D0DVVVSHFLILFR[\JHQ2IOX[RIJDVWURFQHPLXVPXVFOHGHWHUPLQHGin situE\DVXEVWUDWHXQFRXSOHU ? ? ?
LQKLELWRUWLWUDWLRQSURWRFROLQFOXGLQJIDWW\DFLGVXSSRUWHG/($.)$2LWKURXJKDGGLWLRQRIPDODWHDQGSDOPLWR\O ? ? ?
FDUQLWLQH03&IDWW\DFLGVXSSRUWHGR[LGDWLYHSKRVSKRU\ODWLRQ2;3+26)$2PE\DGGLWLRQRIDGHQRVLQH ? ? ?
GLSKRVSKDWH$'3FRPSOH[,VXSSRUWHG2;3+26&,PE\DGGLWLRQRIS\UXYDWHDQGJOXWDPDWH3* ? ? ?
FRPSOH[,,,VXSSRUWHG2;3+26&,,,PE\DGGLWLRQRIVXFFLQDWH6PD[LPDOHOHFWURQWUDQVIHUV\VWHP(76 ? ? ?
FDSDFLW\&,,,EE\VWHSZLVHDGGLWLRQRIFDUERQ\OF\DQLGHPFKORURSKHQ\OK\GUD]LQH&&&3DQGFRPSOH[,, ? ? ?
(76&,,EE\DGGLWLRQRIURWHQRQH5RWE)OX[FRQWUROUDWLRIRUFRPSOH[,VXSSRUWHG2;3+26&,P&,,,E ? ? ?
F6XEVWUDWHFRQWUROUDWLR6&5IRUVXFFLQDWHFDOFXODWHGE\GLYLGLQJ&,,,PE\&,PG&LWUDWHV\QWKDVH ? ? ?
HQ]\PHDFWLYLW\LQJDVWURFQHPLXVPXVFOHKRPRJHQDWHH+\GURJHQSHUR[LGH+2SURGXFWLRQLQTXDGULFHSV ? ? ?
PXVFOHPLWRFKRQGULD'DWDSUHVHQWHGDVPHDQ6(7LVVXHVDVVD\HGIURP3%6:HLJKW6WDEOHQ & ? ? ?
:HLJKW6WDEOHQ &0RGHUDWHQ DQG&6HYHUHQ 'LIIHUHQFHVGHWHUPLQHGE\RQHZD\ ? ? ?
$129$SSS ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
 ? ?

)LJXUH$03.DFWLYDWLRQDQG$'3WUDQVSRUWSURWHLQVLQVNHOHWDOPXVFOHRIFRORQPLFH ? ? ?
DE,PPXQREORWVIRUS$03.Į$03.ĮPLWRFKRQGULDOFUHDWLQHNLQDVH&.07$QWDQGWXEXOLQLQVNHOHWDO ? ? ?
PXVFOHKRPRJHQDWHFS$03.ĮH[SUHVVLRQQRUPDOL]HGWRWRWDO$03.ĮG&.07QRUPDOL]HGWRWXEXOLQ ? ? ?
H$QWQRUPDOL]HGWRWXEXOLQ'DWDSUHVHQWHGDVPHDQ6(7LVVXHVDVVD\HGIURP3%6:HLJKW6WDEOH ? ? ?
Q &:HLJKW6WDEOHQ DQG&0RGHUDWHQ 'LIIHUHQFHVGHWHUPLQHGE\RQHZD\$129$ ? ? ?
SS ? ? ?
 ? ? ?
)LJXUH,QFUHDVHGUHVSLUDWRU\UDWHVDQGXQFRXSOLQJLQZKLWHDGLSRVHWLVVXH:$7 ? ? ?
D0DVVVSHFLILFR[\JHQ2IOX[RI:$7GHWHUPLQHGin situE\DVXEVWUDWHXQFRXSOHULQKLELWRUWLWUDWLRQ ? ? ?
SURWRFROLQFOXGLQJFRPSOH[,VXSSRUWHG/($.&,LWKURXJKDGGLWLRQRIPDODWH0S\UXYDWH3SDOPLWR\O ? ? ?
FDUQLWLQH3&DQGJOXWDPDWH*FRPSOH[,VXSSRUWHGR[LGDWLYHSKRVSKRU\ODWLRQ2;3+26&,PE\DGGLWLRQ ? ? ?
RIDGHQRVLQHGLSKRVSKDWH$'3FRPSOH[,,,VXSSRUWHG2;3+26&,,,PE\DGGLWLRQRIVXFFLQDWH6 ? ? ?
PD[LPDOHOHFWURQWUDQVIHUV\VWHP(76FDSDFLW\&,,,EE\VWHSZLVHDGGLWLRQRIFDUERQ\OF\DQLGHP ? ? ?
FKORURSKHQ\OK\GUD]LQH&&&3DQGFRPSOH[,,(76&,,EE\DGGLWLRQRIURWHQRQH5RWE5HVSLUDWRU\ ? ? ?
FRQWUROUDWLR5&5GHWHUPLQHGE\GLYLGLQJ&,PE\&,LFL/PGHWHUPLQHGE\GLYLGLQJ&,LE\&,PG5DWLRRI ? ? ?
&,LDQGPD[LPDO2;3+26&,,,PH5DWLRRI&,LDQGPD[LPDO(76FDSDFLW\&,,,EI&DUGLROLSLQFRQWHQW ? ? ?
LQ:$7KRPRJHQDWH'DWDSUHVHQWHGDVPHDQ6(7LVVXHVDVVD\HGIURP3%6:HLJKW6WDEOHQ & ? ? ?
:HLJKW6WDEOHQ DQG&0RGHUDWHQ (SLGLG\PDO:$7ZDVQRWGHWHFWHGLQ&6HYHUHDQGWKXV ? ? ?
XQDYDLODEOHIRUDQDO\VLV'LIIHUHQFHVGHWHUPLQHGE\RQHZD\$129$SSS ? ? ?
 ? ? ?
)LJXUH(DUO\ORVVRIOLYHUUHVSLUDWRU\IXQFWLRQDQGFRXSOLQJHIILFLHQF\LQFRORQPLFH ? ? ?
D0DVVVSHFLILFR[\JHQ2IOX[RIOLYHUPHDVXUHGin situE\DVXEVWUDWHXQFRXSOHULQKLELWRUWLWUDWLRQSURWRFRO ? ? ?
LQFOXGLQJFRPSOH[,VXSSRUWHG/($.&,LWKURXJKDGGLWLRQRIPDODWH0S\UXYDWH3SDOPLWR\OFDUQLWLQH ? ? ?
3&DQGJOXWDPDWH*FRPSOH[,VXSSRUWHGR[LGDWLYHSKRVSKRU\ODWLRQ2;3+26&,PE\DGGLWLRQRI ? ? ?
DGHQRVLQHGLSKRVSKDWH$'3FRPSOH[,,,VXSSRUWHG2;3+26&,,,PE\DGGLWLRQRIVXFFLQDWH6PD[LPDO ? ? ?
HOHFWURQWUDQVIHUV\VWHP(76FDSDFLW\&,,,EE\VWHSZLVHDGGLWLRQRIFDUERQ\OF\DQLGHPFKORURSKHQ\O ? ? ?
K\GUD]LQH&&&3DQGFRPSOH[,,(76&,,EE\DGGLWLRQRIURWHQRQH5RWE5HVSLUDWRU\FRQWUROUDWLR ? ? ?
5&5FDOFXODWHGE\GLYLGLQJ&,PE\&,LF5DWLREHWZHHQ&,LDQGPD[LPDO2;3+26&,,,PG7KHP/E ? ? ?
 ? ?

UDWLRFDOFXODWHGDVPD[LPDO2;3+26&,,,PGLYLGHGE\PD[LPDO(76FDSDFLW\&,,,EH&LWUDWHV\QWKDVH ? ? ?
HQ]\PHDFWLYLW\LQOLYHUKRPRJHQDWHI+\GURJHQSHUR[LGH+2SURGXFWLRQLQOLYHUPLWRFKRQGULDJ ? ? ?
&DUGLROLSLQFRQWHQWLQOLYHUPLWRFKRQGULD'DWDSUHVHQWHGDVPHDQ6(7LVVXHVDVVD\HGIURP3%6:HLJKW ? ? ?
6WDEOHQ &:HLJKW6WDEOHQ &0RGHUDWHQ DQG&6HYHUHQ 'LIIHUHQFHVGHWHUPLQHG ? ? ?
E\RQHZD\$129$SSS ? ? ?
 ? ? ?
)LJXUH(OHYDWHGH[SUHVVLRQRI$QWEXWQRW8FSLQFDFKHFWLFOLYHUPLWRFKRQGULDRIFRORQPLFH ? ? ?
D,PPXQREORWVIRU8FS$QWDQG9'$&LQPLWRFKRQGULDOO\VDWHVIURPWKHOLYHU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